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GENERAL INFORMATION

building function:

size:

height:

overall project cost:
construction dates:
delivery method:

Administrative Space for offices, classrooms, conferences;
Autopsy spaces; Biosafety Laboratories

121,000 sq. ft.

5 stories plus Mechanical Penthouse / 105 ft. above grade
$45 million

July 2008 to May 2010

Construction Manager at Risk

ARCHITECTURE

Part of new Medical Campus - designed to fit in with master plan for campus
Brick cavity walls with precast concrete bands and accents, polished granite veneer at base
First floor parking garage and drive-through delivery area
Autopsy cooler and freezer storage rooms, High-Security BioSafety Level 3 laboratory

STRUCTURAL SYSTEM

Ground-floor 6” slab-on-grade with minimum 30” deep grade beams
24" by 24" cast-in-place concrete columns with 48" diameter drilled pier foundations
11” thick, two-way, flat plate, normal weight concrete slab typical floor system, 25’ x 22" to 30’ x 27’ bays
Concrete shearwall lateral load resisting system with 54" drilled pier foundations

MECHANICAL SYSTEM

Three 28,000 CFM, 100% outdoor air AHUs w/ 2 position constant volume distribution for laboratory spaces
Two 17,500 CFM AHUs w/ 100% outdoor/100% return air economizers and VAV distribution for office spaces
Two 365 ton, 30% ethylene glycol chillers; Two 250 BHP fire-tube boilers

LIGHTING/ELECTRICAL SYSTEM

Three-phase, four-wire, 480/277 V, 3000 A building service
Distributed to each level via standard conduit & wire distribution risers
Step-down transformer on each level for 208/120 V requirements
Emergency 1500 kW, 408/277 V diesel generator
All lighting fixtures are 277 V
Recessed fluorescent lighting with high-efficiency T8 lamps
Compact fluorescent downlights, incandescent fixtures for dimming
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EXECUTIVE SUMMARY

The Forensic Medical Center
is a proposed, five-story
state-of-the-art laboratory
and office building. It will
contain a small parking
garage for staff and a drive-
through delivery area on the
ground floor. Autopsy rooms
and their support spaces
would make up the second
floor, along with a high-
security BioSafety Level 3
laboratory. On the third floor §
are histology, toxicology, and
neuropathology laboratories, | | =% =
while the fourth floor houses L. A
the public reception area, along with an investigations suite, photography suite, IT suite,
and training rooms. On the fifth floor are administrative offices, medical records, and a
library/conference room. This floor will also house the Chief Medical Examiner’s office
suite. As designed, the building would include 121,000 square feet of space, and would
rise to 105 feet above grade. The cost is estimated at $45 million, with construction
scheduled to begin in July 2008 and continuing to May 2010.
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The structure of The Forensic Medical Center was designed as a two-way, flat-plate
concrete system, with a dual moment frame and shearwall lateral system. This report
investigates the feasibility as well as the cost and schedule implications of changing this
system to a composite steel system with concentric braced frames. Because the
building houses high-tech laboratory equipment, a vibration study was required to
ensure it would function properly. The existing concrete system was designed for
vibration using methods originally developed for steel, because a standard for the
design of concrete for vibrations does not exist. Using these methods required many
conservative assumptions, which may have possibly led to an over-conservative
structure. However, the system was only designed for slow to moderate walking, and
not fast walking, which may not be adequate in this case.

The structural redesign was performed according to ASCE 7-05 and IBC 2006, with the
assistance of a RAM Structural System model. AISC Design Guide 11 “Floor Vibrations
Due to Human Activity” was used to design and analyze the vibration-critical fifth floor of
the building. The results were W16 beams framing into W18 girders on typical floors,
with much larger sizes on the fifth floor. The loads were carried to the foundation by
W10 and W12 columns. Braced frames consisted of wide-flange columns (W10) and
beams (W8 to W16). Rectangular hollow structural sections were used as the braces,
with sizes ranging from HSS12x4x3/8 to HSS16x8x1/2.
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A construction management study was performed to determine the cost and schedule
impact of the redesigned steel system. The steel system was estimated to cost
approximately $1.4 million less than the concrete system, while being completed three
months sooner.

Original plans for The Forensic Medical Center included an Alternative Care Facility on
the ground floor. The facility would involve the conversion of the parking garage area
into a triage unit in the case of a local catastrophic event, such as an accident, natural
disaster, or terrorist attack. These plans were dropped because of budget concerns. A
study was conducted on

View from Northwest
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the feasibility of adding
such a facility, including
architectural, mechanical,
lighting, and electrical
requirements, and a rough
estimate of their costs. The
study concluded that such
a facility would add a
significant cost to the
overall price of the building,
and it would be up to the
owners to determine
whether the facility should
be implemented.
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BUILDING OVERVIEW
Function

The Forensic Medical Center has five floors, each with a slightly different function. The
first floor contains a small parking garage for staff parking and a drive-through delivery
area, as well as the main pedestrian and service entrances. The second floor consists
of autopsy rooms and their support spaces (coolers, freezers, storage, etc.), and a high-
security BioSafety Level 3 laboratory. On the third floor are histology, toxicology, and
neuropathology laboratories, and instrument and record storage areas. The fourth floor
houses the public reception area and a pathology exhibit, as well as an investigations
suite, photography suite, IT suite, and training rooms. On the fifth floor are
administrative offices, medical records, and a library/conference room. On top of the
building is a mechanical penthouse.

Architecture

As a part of a new medical campus currently
-~ SouthFagade | \nder construction, the exterior of The
= Forensic Medical Center was designed to fit
o e S in with the master plan of the campus. This

et 11 = | ] plan calls for six-story block-like structures,
]' r. all aligned along a main street to form a

regular streetscape that matches University

L building guidelines. As a result, brick, precast
| ' concrete, stone, metal panels, and glass are

all important facade materials. On the south

fagade, which is along this main street, brick
| | : and glass curtain wall piers match those of
] = _ el i the first two buildings to be built on the
+—H f |2 s campus. The north facade of the building
|:_'_ =% e Lo == | faces a residential area, so a smaller scale

————Couttesy Gaudidauinel 5 ticylated curtain wall is used on this side.

W
- |

Mechanical System

The mechanical systems in The Forensic Medical Center must meet the differing
requirements of its spaces. In general, the building is divided into two areas. The first,
second, and third levels are mainly used for autopsy rooms, laboratory spaces
(including the Biosafety Level 3 suite), and their required support spaces. These spaces
have very specific needs, and must be under strict control at all times. The fourth and
fifth levels consist of offices and administrative spaces; therefore, they use a more
conventional mechanical system.

The air handling units for the first, second, and third levels are designed as three units,

each at 50% capacity. This allows one unit to still be at full reserve if one of the other
two should fail. Each is a 28,000 CFM unit supplying 100% once-through outdoor air.
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Air distribution on these three levels is two position constant volume, with a total
distribution of 56,000 CFM.

The offices and administration spaces on the fourth and fifth levels require two 17,500
CFM air handling units. These AHUs have 100% return air/100% outdoor air
economizer capability. These levels use a conventional variable air volume distribution
system, supplying 17,500 CFM at each level.

The building mechanical system is designed to be positively pressurized to help control
airborne contaminants in the laboratory areas. The first, second, and third levels (with
the exception of the Biosafety Level 3 suite) are 100% exhausted by three 30,000 CFM
exhaust fans. Due to its hazardous contents, the BSL-3 suite has a separate exhaust
system, with two 8,000 CFM fans, each containing a 99.99% HEPA DORP filter.

Cooling for most of the building is provided by two closed-loop, 30% ethylene glycol-air
cooled water chillers, each supplying a 365 ton output. Two low-temperature 30%
ethylene glycol chillers, each with 20 tons of capacity, are used to cool the body storage
coolers and freezers on the second level. A low roof on level two houses two blower coil
indoor modules with remote air-cooled condensing units.

The building is heated by two closed-loop, 250 BHP fire-tube water boilers capable of
supplying 8,300 MBH at 80% efficiency. These boilers are dual-fuel compatible, with
natural gas as the primary fuel and #2 fuel oil stored on-site for emergency backup. The
water leaves the boilers at 180°F and is circulated to the heating coils in the AHUs. A
separate set of pumps circulates the water from the boilers to re-heat coils on each
floor.

Lighting and Electrical Systems

All of the lights in The Forensic Medical
Center are 277 volt fixtures. In general,
recessed fluorescent fixtures use
energy efficient T8 Ilamps with
electronic ballasts. Downlights are
compact fluorescent lamps with
electronic  ballasts. Areas where
dimming is required will use
incandescent sources. Kitchens,
restrooms, locker rooms, corridors, and
storage areas use fluorescent fixtures
: —| with prismatic lenses. Mechanical and
t$outh Facade Coluiftesy GaudreatiInG: electrical rooms use industrial-type

- four-foot fluorescent fixtures with
guards. High-Intensity-Discharge (HID) metal halide lamps with shatter-proof lenses are
used in the garage area. Paths of egress are lit by night lights and marked with LED exit
signs to meet required building codes.
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The electrical service for the building is 3000 A, three-phase, four-wire, 480/277 volts,
coming into the building at a service rated switchboard. This switchboard has a fixed
mounted 3000 A main circuit breaker with integral solid-state tripping and ground-fault
sensors. Power is distributed throughout the building using standard conduit and wire
distribution risers. Each floor has an electrical closet, which contains most of the major
distribution panelboards and equipment for that floor. In addition, the laboratory and
autopsy areas on levels two and three have their own local area panels. Each level also
has a step-down dry-type transformer to serve lab, electronic, and office type equipment
requiring 208/120 volt service.

Because of the nature of the building, standby power is necessary, and there are three
power distribution systems: normal, life safety, and critical. The normal system supplies
power to all of the lighting and non-essential building services. The life safety system
supplies power to emergency lighting for egress, alarms, and essential mechanical
systems. The critical system contains all of the loads considered essential to continued
operation of the Medical Examiner's functions. Backup power is supplied by a 1500 KW,
480/277 V diesel-powered generator located in the penthouse.
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ExXISTING CONDITIONS
Foundation

The foundation of The Forensic Medical Center consists of drilled piers under each
column and under the shearwalls, as recommended by the geotechnical report
prepared by T.L.B. Associates, dated April 18, 2007. The drilled piers are typically 48” in
diameter, with 54” diameter piers under the shearwalls. The concrete strength is 3500
psi, with 12 #11 bars for the top third of the depth. The piers extend from the first level
elevation of 76.25’ Mean Sea Level (MSL) to roughly 25’ MSL, where they are socketed
into bedrock.

Columns

All of the columns in the building are normal weight concrete with a strength of 5000 psi.
Typically, the columns are 24" by 24", except for ten 34” diameter circular columns in
the parking garage area. Exterior columns are reinforced with eight #8 bars and #4 ties
at 12” on center. Interior columns are reinforced with eight #10 bars and #4 ties at 12”
on center.

Slabs

The ground floor parking garage level of The Forensic Medical Center is a 6” thick,
normal weight concrete slab-on-grade, with a concrete strength of 3500 psi. At the
edges of this slab are concrete grade beams that are 30”-36” deep, with a concrete
strength of 3000 psi.

The floor systems of levels two through five are typically 11” thick, two-way, flat-plate,
normal weight concrete slabs with 26” wide by 36” deep concrete perimeter beams.
Slab reinforcement is typically #5 bars at 15" on center, each way, top and bottom at
mid-span, with heavier reinforcement at the columns. Typical slab spans range from
22’-6” to 30’-0”.

Variations on the typical floor slab include large recessed slab areas for body storage
coolers and freezers on level two. These slabs are 11”7 thick, one-way slabs, and are
supported by monolithically-poured concrete beams with sizes ranging from 18” to 40”
wide by 11”7 to 26” deep. On level three, there are two 9” thick, two-way slab sections
that serve as low roofs. Also, a high-density file storage area requires two 24"x18”
concrete beams under the mid-span of the slabs, between grid lines 3 and 4.

The penthouse level floor slab consists of two areas. The roof areas are an 8” thick,
two-way, flat-plate, normal weight concrete slab with #5 bars, typically spaced at 16”,
each way, top and bottom for reinforcement. The slab under the mechanical equipment
is increased to 15” thick, with #5 bars at 11” each way, top and bottom, for typical
reinforcement. A steel-framed mechanical penthouse sits on the top of this level. The
HSS 14”x14”x%2” columns are cantilevered from the concrete floor slab and extend 20’
to the roof.
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Lateral System

The lateral force resisting system of The Forensic Medical Center is a dual-system,
consisting of four ordinary reinforced concrete shearwalls with an ordinary reinforced
concrete moment frame.

Shearwalls 1 and 4 are oriented east-west, and are tied to an exterior column. On the
interior side of these walls is a 4’-6” boundary element containing 12 #9 bars for vertical
reinforcement, with #4 ties at 12” on center. The webs of these walls contain the
minimum amount of reinforcement for p = 0.0025, which is #5 bars at 18” on center
each way, in each face.

Shearwalls 2 and 3 are oriented north-south. At both ends of these walls are 6’-0”
boundary elements with 14 #9 bars for vertical reinforcement and #4 ties at 12” on
center. The webs of these walls also contain the minimum amount of reinforcement, #5
bars at 18” on center each way, in each face.
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Figure 1 - Typical Floor Plan
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PROBLEM STATEMENT

Because The Forensic Medical Center will be home to a modern, high-tech laboratory,
with equipment that is very sensitive to motion, vibration concerns are critical to the
structural system design. While a concrete structural system is generally a good choice
to resist vibration problems, there are few guidelines for designing a concrete system for
vibration. Typically, it is difficult to tell whether a concrete system will meet vibration
criteria until the structure is already built. On the other hand, design guides have been
published for vibrations in composite steel systems.

The budget of the building is also a concern. Any changes to the existing building
structural design need to be of similar or lower cost. Based on previous technical
reports, some parts of the concrete structural system appear to be larger than required.
A steel system could be more efficient, reducing the amount of material used and thus
reducing seismic loads as well, leading to a lighter lateral system.

PROPOSED SOLUTION

A composite steel structural floor system with steel columns is proposed, to be designed
for vibration criteria. The concrete shearwalls will be replaced with steel braced frames.
These changes can be done with little effect on the floor layout and architecture of the
building, while making certain that vibration criteria are met.

According to Technical Report 2, typical beam and girder depths will be in the 16"-18”
range, with a slab-on-deck thickness of 4”. This is a considerably thicker floor system
than the 117 existing concrete slab, but The Forensic Medical Center is well within
height restrictions. The new steel system may be more efficient than the existing
concrete one, creating a lighter and possibly more cost-effective design.

To implement these changes, a computer model of the new gravity system will be
constructed and tested in RAM Structural System. Since the new system will result in
changes to the height, weight, and lateral system of the building, lateral loads will be
recalculated and applied to a new lateral system model.
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BREADTH TOPICS

Cost and Schedule

A Construction Management breadth study will be done on the new composite steel
system. The cost, schedule, and constructability of the new system will be compared to
the existing concrete system to determine feasibility, given the budget constraints of the
project. R.S. Means and Microsoft Project will be used for this part of the analysis.

Alternative Care Facility

An original idea for The Forensic Medical Center was to include a temporary triage area
in the ground floor parking lot, in case of a catastrophic event. The idea was shelved
due to budget concerns. A main requirement for the triage area, or “Alternative Care
Facility” is adequate lighting. Also required are electrical outlets, mechanical systems,
and some temporary architectural elements that can be set up and removed quickly and
easily. Research will be done on the specific requirements for a triage area, and the
cost of implementing this idea will be investigated.

TASKS AND TooOLS

A list of tasks to be completed in the investigation of these proposals, as well as the
tools required, is included below:

1. Gravity System
ASCE 7-05 for dead, live, snow loads
AISC Design Guide 11 for vibration design
Determine preliminary slab and member sizes
RAM model check of composite steel floor system
2. Lateral System
ASCE 7-05 for wind and seismic loads
Determine load distribution to steel braced frames
Determine member sizes for steel braced frames
Lateral system model — check strength and serviceability
3. Cost and Schedule
R.S. Means for cost/crew information
Microsoft Project for scheduling
4. Triage Area
Research triage requirements
Determine architectural requirements
Determine mechanical requirements
Determine size/type/quantity of lighting fixtures/electrical outlets
Determine new electrical load
Determine approximate costs
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PROJECT GOALS

The goal of the depth study of this thesis is to determine the feasibility of changing the
structure of The Forensic Medical System from a two-way concrete slab system with
shearwalls to a composite steel system with braced frames. This steel system will be
checked for sensitive equipment vibration criteria where required.

The Construction Management breadth study will go hand-in-hand with the depth study.
While the depth study examines the structural feasibility of a composite steel system,
this breadth study will look into the cost and scheduling impact of this change, in order
to determine the financial feasibility.

The Alternative Care Facility breadth study will examine the architectural, mechanical,
lighting, and electrical requirements necessary for the inclusion of a temporary triage
unit within the ground floor of The Forensic Medical Center. The goal of this study is to
roughly determine the costs and planning that would need to go into such a facility.
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STRUCTURAL DEPTH STUDY
Overview

The Forensic Medical Center was designed as a state-of-the-art laboratory building.
Forensic laboratories contain powerful microscopes and other sophisticated equipment
that is very sensitive to floor vibrations, however, the most sensitive equipment is
installed with its own isolating system. For this reason, the actual laboratory levels on
the second and third floors are not the vibration critical ones. According to the project
engineers, the fifth floor, where the medical examiners’ offices are located, is the only
floor where the vibration criteria are critical, because there is a high-powered
microscope in each examiner’s office. The floor system on this level must meet at least
Class A criteria for sensitive equipment, according to AISC Design Guide 11 - “Floor
Vibrations Due to Human Activity.”

The building was originally designed in concrete, but there is no established method for
designing concrete structures to limit vibrations, as the AISC Design Guide was
developed for use in the analysis of steel-framed systems. To ensure the system met
Class A requirements on the fifth floor, Design Guide 11 was used during the design
process, with many conservative assumptions being made to accommodate the fact
that the system was concrete instead of steel. The structure was only designed for slow
to moderate walking paces, but not fast walking, despite the long corridor located at
midspan in one of the critical bays. The result of this design strategy is a concrete
system that may or may not be acceptable for the required vibration criteria. It is
possible that the floor system is over-conservative, but it is also possible that the system
would not perform as required. Because budget is crucial to any construction project,
finding the most economical solution to a design problem while still meeting the needs
of the project is very important.

This depth study investigates a redesign of The Forensic Medical Center with a steel
framing system, using both composite and non-composite floors and lightweight, 5 ksi
concrete. This allows for the utilization of AISC Design Guide 11 for its intended
application. The second, third, and fourth floors, as well as the penthouse level, were
designed for strength and deflection and vibration-checked for human comfort, while the
fifth floor was designed to meet the Class A Sensitive Equipment criteria, according to
the Design Guide.

To accommodate the change of the floor system from concrete to steel, the columns
were also redesigned as wide-flange steel shapes. The 12-inch-thick cast-in-place
concrete shearwalls were replaced by concentric steel braced frames, with wide-flange
columns and beams, and rectangular HSS braces. Because the existing architectural
plans allow for a 24” x 24” square column, the W10 and W12 shapes used for the
column redesign do not affect the layout of the spaces. To avoid any intrusion, the
braced frames were designed such that the bracing members do not interfere with
openings that were present in the existing shearwalls. All of the members of the braced
frames were also designed to fit within the thickness of the existing shearwalls.
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Design Procedure

To redesign the floor framing systems of the building, a preliminary framing plan layout
was created. This was used to determine the best direction for beam spans, girder
spans, and spacing of the members. Once the layout was determined, preliminary beam
sizes for typical composite members on the second, third, and fourth floors were
selected using Load and Resistance Factor Design (LRFD) methods, and the Thirteenth
Edition AISC Steel Construction Manual. Deflection limits were as follows:

Live Load: L/360
Total Load: L/240
Pre-composite Construction Load: L/360

After preliminary floor framing sizes were selected, the layout was entered into a RAM
Structural System model. The beam sizes chosen by RAM’s beam design module very
closely resembled the preliminary designs that were determined by hand calculations.

Vibration criteria were checked for human comfort in typical bays on the second, third,
and fourth floors of the building. The fourth floor layout, which is very similar to the
layout of the fifth floor, was also analyzed for sensitive equipment vibrations. It was
found that this floor was inadequate for Class A equipment; therefore it was clear that
the fifth floor design would be controlled by vibration.

Once the floor systems were designed, preliminary column sizes were chosen. Several
typical columns were designed by hand before RAM was used to check the designs.

The final part of the structural system to be designed was the lateral system, composed
of ordinary concentric braced frames. These were added to the RAM Structural System
model and designed in RAM Frame. According to ASCE 7-05, The Forensic Medical
Center is considered as Seismic Design Category B, which allows for equivalent lateral
force analysis. Lateral forces on the building were applied to the center of mass of the
floor diaphragms, with an accidental eccentricity of 5%.

Figure 2 — RAM Structural System Model
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Gravity Loads

The gravity loads used in the analysis of the structure were determined according to
ASCE 7-05, and are as follows:

DEAD LOADS (psf)

Slab + Deck 48
Superimposed M/E/P/L 12
TOTAL 60 psf
Laboratories / O.R. 60
Offices 50
Partitions +20
Corridors 80
TYPICAL FLOORS 80 psf
HIGH DENSITY STORAGE 250 psf
ROOF LOADS (psf)
Live 30
Snow 21
Air Handling Units 108
Chillers 160
Fans, Generator 200
Boilers 600

Dead loads include the self-weight of the concrete slab and metal deck, as well as other
building systems permanently attached to the structure. The weight of the steel beams
was not included in preliminary hand calculations, but was accounted for in the RAM
model. Live loads were reduced as permitted according to ASCE 7, Section 1607.

Lateral Loads

The lateral loads on the building included wind forces and seismic forces, according to
ASCE 7-05. With the change to a lighter steel structural system from a concrete one,
the seismic loads would be expected to decrease. The change from a shearwall and
moment frame dual-system to concentric braced frames, however, causes a decrease
in the R-factor from 5.5 to 3.25. The overall result of the changes is a reduction of the
seismic base shear, from 309 kips to 261 kips. The increase in height due to the change
to a steel structure did not result in a significant change in the calculated wind loads
because the calculations from previous technical reports were conservative.
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Because of the shape of the building and the reduced weight of the steel system, the
wind loads generally control the design of the system. The lateral loads are calculated in
Appendix A at the end of this report. A summary of the loads is included below.
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Deck, Beam, and Girder Design Details

Based on the developed layout, the composite metal deck under the slabs would need
to span perpendicular to the infill beams, a maximum of nine feet. The deck and slab
would also be required to support the 80 psf live load. The United Steel Deck design
manual was used to find a deck that would meet this requirement. A 2” LOK-Floor
composite steel deck was selected, with light-weight concrete. To ensure a two-hour fire
rating for the slab without requiring fireproofing of the deck, and also to contribute to
better vibration control, a total slab thickness of 6” (4" above the top of deck) was
chosen.

Figure 5 — Typical Framing Layout Plan

When the gravity loads were applied to typical beams, sizes and numbers of shear
studs were selected to support the loads according to Thirteenth Edition AISC LRFD
criteria. The load case that controlled in all of the gravity framing cases was 1.2 D + 1.6
L. Once a size was selected for strength, it was found that pre-composite construction
load deflection controlled the design in many cases. Deflection of the beams during
construction loading must be limited, as too much deflection would lead to the addition
of extra concrete to the slab, thus increasing deflection even more. If this deflection is
not limited, shoring of the beams is necessary during the concrete placement, which
adds unnecessary costs and chance for error.
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The design resulted in light W18 sizes for girders on the second, third, and fourth floors,
with light W16 sizes as the infill beams. In some locations, due to the pre-composite
deflection considerations, it was more economical to design the beams as non-
composite, as the cost of installation for one shear stud is roughly equivalent to 10
pounds of steel.

Because of the extensive procedure required to calculate the vibration properties of a
floor system, and the possibility that the design would go through many iterations before
it was acceptable, a spreadsheet was created to assist in the design of the fifth floor.
The Class A criteria required members that were much deeper and heavier than the
beams and girders on the floors where vibration was not critical. The most critical area
of the floor was the area between gridlines A and B, on the south face of the building
(See Figure 5). This is where the Medical Examiners’ offices are located. They are
separated from their secretarial support areas by a long corridor, which runs directly
through the center of the span of these bays.

This is the worst case scenario as far as vibration design, so these bays must be
designed for “fast walking” according to Design Guide 11, which is 100 steps per
minute. To make the beam sizes more manageable, the number of infill beams in these
bays was increased from two at 9’ on center to three at 6’-9” on center. The girders in
these bays were selected to be W30x191s, with W27x129s as the infill beams. This
allowed the floor to meet the Class A criteria of 2,000 pin/sec for fast walking. Fast
walking was also considered for the other critical areas on the north side of the building,
where W30x191 girders were used, along with W27x114 beams. The rest of the floor
was not designed for fast walking, but was designed to meet 2,000 pin/sec for slow to
moderate walking. This resulted in W24 girders, with W21 infil beams. This is
reasonable because the corridors near these critical areas are not nearly as long, and
are located along the column line, rather than over the middle of the bay span. Full-
height partitions will also help to dampen some of the vibration.

A disadvantage of the steel structural system is the added depth of the members, which
add to the floor-to-floor height. In order to avoid interference with mechanical systems
and other ductwork, the floor-to-floor heights were increased by 12” in most cases, and
by 18” between the fourth and fifth floors.

To create a more efficient design in steel, repetition is important. Using fewer numbers
of different sizes cuts down on material costs for the structure, reduces the amount of
coordination necessary in the field, and also reduces the chance of a mistake being
made during construction. For this reason, member sizes were coordinated such that
beams and girders in similar bays or in similar locations on different floors were the
same size. This reduced the number of different sizes, and created typical details for
similar areas of the floor. The calculations can be found in Appendix B, and the resulting
designs can be found in Appendix C.
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Figure 6 — Vibration Critical Areas-red dashed outline

Column Design

The gravity load of the building is first carried by the slab and deck, to the beams. These
beams carry the load to the girders, which then frame into the columns. The columns
then take this load to the ground, through the building’s foundation. The columns of The
Forensic Medical Center were designed for axial load and gravity-induced moments
according to Thirteenth Edition AISC LRFD criteria. Tributary area was found on each
floor for a given column, and the total axial load was determined. These designs were
compared to the results from the RAM Structural System model.

To minimize architectural impact, all of the columns were designed as W10 sizes where
possible. Because the original concrete system used 24” square columns, however,
using any conventional steel column size would result in an increase in available floor
area.

Just as with the beam sizes, the column sizes were adjusted to increase repetition and
cut down on the number of different sections. The result is a total of six different column
sizes used throughout the building for the gravity framing, ranging from W10x33 to
W12x73. The calculations can be found in Appendix D, along with the resulting designs.
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Lateral System Design

The lateral forces applied to the building are resisted by four sets of braced frames,
arranged in T-shapes on either side of the building. The frames containing the braces
also include moment connections between the vertical and horizontal members to
provide additional lateral load resistance. The brace layouts were configured to avoid
interfering with the doorways that were cut out of the shearwalls in the original design.
Diagonal braces were placed in most panels of the frames, with chevrons next to panels
that were left open for the doorways.

Because of the nearly symmetrical layout of The Forensic Medical Center, the center of
mass is very close to the actual center of the building. The lateral system was then
designed to be symmetric, thus placing the center of rigidity very close to the center of
mass. This reduces the inherent torsion in the building when lateral loads are applied.

To design the lateral system, RAM Frame was used. The lateral loads determined
according to ASCE 7 were applied to the structure, with the lateral loads being applied
at the center of mass, with an accidental eccentricity of 5%. The following load cases
were analyzed:

-14D -12D+16L -12D+05L+16W
-12D+16 W -09D+16 W -12D+05L+10E
-12D+1.0E -09D+1.0E

The member sizes of the frames were limited to fit within the 12”-thick footprint of the
shearwalls that were part of the existing concrete design. The vertical elements of the
frames were all selected to be W10 shapes. Rectangular hollow structural steel sections
were used as the diagonal bracing members, and were limited to 8” in width. Elevations
of the frames along with sizes of the members can be found in Appendix E at the end of
this report.

Story Displacement

The story displacement of The Forensic Medical Center with the redesigned steel
structural system was determined by a RAM Structural System analysis. The worst case
displacement of 1.56 inches is well within the allowed displacement of H/400, equal to
3.33 inches. A summary of the worst case drifts and displacements follows:

Controlled by Seismic Controlled by Wind
STORY Stor Drift Dlsplacement Stor Drift Dlsplacement

Penthouse .288 .563 .263 .349
5 0.298 1.275 0.295 1.086
4 0.325 0.977 0.256 0.791
3 0.514 0.652 0.288 0.535
2 0.138 0.138 0.247 0.247
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Connection Design

An important part of a steel structure design is the design of its connections. This
redesign of The Forensic Medical Center involved three typical connection types: shear,
moment, and bracing. Shear connections are used for most beam-to-girder and girder-
to-column connections. Moment connections are implemented at the horizontal-to-
vertical member joints within the lateral frames. The third connection type involves the
joining of the braces to these frames. Typical examples of these connection types are
shown below, and full calculations are available in Appendix F at the end of this report.

Typical Shear Connection

Typical Moment Connection

Typical Bracing Connection

Figure 7 — Typical Connection Details
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CONSTRUCTION MANAGEMENT BREADTH STUDY
Overview

Cost and schedule are crucial to any building project. Any changes to the design of a
building need to be analyzed for the impact that they will have on construction before it
can be decided whether the changes should be made. For this thesis breadth study, the
cost and schedule implications of the structural system changes made in the structural
depth study are analyzed for the difference in direct costs, such as materials, labor, and
time on the jobsite. Other differences, such as overhead, profit, and earlier rent
payments, are not part of the scope of this study.

For the study, the materials takeoffs from the original concrete design were compared to
the takeoffs from the RAM Structural System model for the composite steel redesign.
Cost data for materials and labor crews, as well as the daily output of the labor crews
were taken from R.S. Means Building Construction Cost Data 2008, as well as input
from industry practitioners on the Penn State Architectural Engineering Technical
Discussion Board. The data was entered into a spreadsheet to calculate the difference
in cost between the two systems, as well as the construction time required for each
item. This construction time was entered into Microsoft Project to create a schedule for
each system. These schedules were compared, and the time saved was converted to a
general requirements cost.

Material Takeoffs

A detailed structural takeoff of the existing concrete system was obtained for use in this
study. The takeoff values were combined into three categories: Columns, Shearwalls,
and Slabs. Each category included values for formwork, reinforcement, placement, and
finishing of concrete, where applicable. The “Takeoff” feature of RAM Structural System
provided the weight of steel in the composite redesign, which was broken down into
Columns, Braced Frames, and Floors. The full details of the takeoffs are included in
Appendix G at the end of this report.

Results

Using this estimation method on both the existing system and the proposed redesign
yielded more consistent results for comparison between the two systems. The existing
concrete structural system was estimated at approximately $3.1 million, while the
composite steel system was estimated at $1.9 million, a savings of $1.2 million.

After a scheduling study, it was found that the concrete system would take 135 days to
complete, while the steel system would only take 69 days, a savings of about 3.3
months, assuming four five-day work weeks per month. Using a contractor supplied
figure of approximately $1.4 million dollars for 24 months on the jobsite, the cost per
month was calculated as $60,000. This amounts to a savings of approximately
$198,000 in direct jobsite costs.
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COLUMNS COST COLUMNS COST
Formwork 190,278 Steel 140,792
Concrete 79,022 Baseplates 7,521
Reinf. 124,442 Fireproofing 35,580
cosT
coSsT Framing 603,398
Formwork 783,676 Steel Deck 327,454
Concrete 612,762 Shear Studs 9,436
Slab Finish 191,632 Fireproofing 186,119
Reinf. 866,472 Concrete 230,520
WWF 63,883
Slab Finish 193,284
cosT
Formwork 106,515 cosT
Concrete 50,710 HSS Steel 36,968
Reinf. 47,367 Fireproofing 6,200
40,500 20,700
$ 3,093,377 $ 1,861,855
135 Days 69 Days
Materials: 1,536,749
Labor: 1,507,128
Equipment: 49,500
TOTAL: $ 3,093,377
Materials: 1,171,959
Labor: 669,196
Equipment: 20,700
TOTAL: $ 1,861,855
Steel Savings: $ 1,231,522
66 Days
3.3 months
Jobsite Direct Costs: $ 60000 /month
Time Savings: $ 198,000
TOTAL SAVINGS: $ 1,429,522
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Conclusions

The results of this breadth study show that considerable savings could be attained by
using a steel structural system instead of the existing concrete system. A difference of
three months and $1.4 million dollars are a considerable amount on any size project.
However, there are some other advantages, as well as disadvantages to each system
that were not within the scope of this study.

The foundations of The Forensic Medical Center were not included in this study.
According to the geotechnical report for the building, 48-inch diameter drilled piers
socketed into bedrock are recommended for the foundation system, given column loads
of 1500 kips. Comparing the weight of the concrete structure from previous seismic
calculations to that of the steel structure, it is found that the steel structure weight is
roughly half that of the concrete structure. With this large reduction in dead load, it may
be possible to reduce the size of the drilled pier foundations, or even use a much less
expensive spread footing foundation system, which would further increase the savings
associated with a steel system.

A major disadvantage of a steel framed building is the long lead time required to obtain
the materials. The steel members must be designed and fabricated weeks before they
are needed, and then shipped to the site. This could affect the schedule of the building if
construction were to begin right away. It also leaves little room for design changes late
in the project, as the pieces will have already been fabricated.

Another disadvantage of the steel system is the increase in the flooring system
thickness. This increase makes it necessary to either reduce the finished floor-to-
ceiling-height of each level, or to increase the total building height. In this study, the total
height of The Forensic Medical Center was increased from 105 feet to 111 feet above
grade. This causes an increase in the area of the exterior fagade. An estimate of this
cost was made by taking a total cost of $2.1 million for the exterior skin of the building
from the original design and dividing it by 105 feet above grade to obtain a cost of
$20,000 per foot of height. The additional six feet of height would equate to an increase
of roughly $120,000, which would be subtracted from the total savings due to the steel
system switch.

The engineer must take in to consideration all of these factors when designing the
structural system for a building. The results of this study lead to the conclusion that a
composite steel system with braced frames is indeed a viable option for The Forensic
Medical Center. It is the recommendation of this thesis that further investigation into the
system be considered.
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ALTERNATIVE CARE FACILITY BREADTH STUDY
Overview

An original idea for The Forensic Medical Center was to include a temporary triage area
in the ground floor parking lot, for use in the case of a catastrophic event. Theoretically,
the medical personnel employed at the building could be called upon to staff such a
triage unit in the event of a large-scale biological or chemical attack. The idea was
shelved due to budget concerns.

Such triage units, also known as “Alternative Care Facilities,” or ACFs, have been
established in the past when large-scale accidents, natural disasters, or terrorist attacks
have occurred. Instead of overburdening area hospitals with the large number of
emergency patients, these facilities serve as intermediate care facilities. Their purpose
is to care for patients who may need some medical attention, but not invasive treatment,
and to “sort out” more critical patients, sending them to more advanced treatment
facilities.

A key requirement of an ACF is a quick set-up time. Optimally, the facility should be set
up and ready to accept patients within an hour of notification. Having a permanent
system in place and ready for an emergency situation would greatly decrease the
required set-up time, possibly saving lives in the process.

This breadth study briefly investigated some of the architectural changes that would be
needed on the ground floor of The Forensic Medical Center to accommodate an
emergency Alternative Care Facility. In addition, the mechanical, lighting, and electrical
upgrades that would be required for the functions of an ACF are explored. A rough cost
estimate of these items was also prepared.

| O L
@ﬂ\ [ﬁ jiﬁ N4 a2

ELEC r N CHEM ==
SHELL B3 B ) ¥ 4 B ’
== 5 A
\ BIO
I ‘ HOLD 1]
SHELL = ) ® & L = %

S
MAIN LOBBY

LA

VESTIBULE ]

L 1 N = O N = 1 s T Ny [ O N

Figure 8 — Ground Floor Plan As Designed without ACF
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Architecture

In the case of a biological or chemical attack, the first and most important treatment is
decontamination. To do this, warm showers must be made available, along with soap
and shampoo. A flow must be established for patients that arrive at the ACF which
involves the decontamination procedure before contact is made with any non-
contaminated patients or staff members. This arrival and decontamination area is
known as the “Warm Zone,” where contamination is likely, and protective equipment is
required of personnel. Once decontaminated, the patients may enter the “Cold Zone,”
the non-contaminated portion of the facility. This is where they will be treated for any
symptoms or injuries, and transferred to a more advanced care facility or released. The
two zones must be separated so that there can be controlled access to the Cold Zone to
avoid contamination.

The ambulance drive-through area of the parking garage under The Forensic Medical
Center would serve well as a drop-off point for the ACF. This point would be within the
Warm Zone, where patients would be directed to shower stations for decontamination.
For this study, the shell area on the west side of the building would be sacrificed for the
installation of these shower stations. The Cold Zone would be a section of the parking
area of the floor, and would be separated from the outside by large overhead doors
located between the columns that form its perimeter. These doors would be installed
within the ceiling, and left open and out of the way during normal operation of the
garage. Once released, patients would be able to leave through the main lobby and
entrance on the south-east corner of the building.
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Figure 9 — Ground Floor Plan with ACF
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Another architectural consideration is the need for storage area. Equipment such as
cots, divider curtains, and medical supplies need to be available for quick access in the
event of an emergency, but out of the way during normal operation of the building. To
create this space, the shell area near the building’s main lobby on the south-east corner
of the building would be sacrificed for storage. Removing one of the parking spaces in
this corner allows the parking lot entrance vestibule to be moved down, creating more
storage area.

Since the ACF would still be used as a parking garage during non-emergency
situations, it is probable that vehicles would be located in the garage at any time an
emergency could occur. Since there are only 19 parking spaces in the small garage,
another garage, located across the street, should have enough capacity for the
relocation of these vehicles. All of the vehicles would be driven by employees of The
Forensic Medical Center, so notification of the owner of each vehicle would not be a
concern.

The main direct cost of making the architectural changes would be installing the
overhead door system to separate the Warm and Cold Zones. The price per door was
estimated at $8000. With seven doors required, this amounts to approximately $56,000.
This cost does not include any lost revenue from the shell spaces that were removed to
accommodate the ACF.

Mechanical

Generally, the design temperatures for an indoor parking garage are not the same as
what one would hope for in a medical treatment facility. In this case, however, the space
in question would be used for parking for the vast majority of the time, so keeping it at a
comfortable room temperature would be uneconomical. In the case of an emergency,
however, the heating or cooling systems of the building would be required to keep the
ACF space at a reasonable temperature. The goal of this part of the study is to show
that the existing mechanical system is adequate for this requirement, without added
equipment.

An estimate of the heating and cooling loads for the ground floor parking garage area
was made, assuming a hospital-type occupancy and activity level, using Trane Trace
700. The space dimensions and properties were entered into the program, and the
summary of the system loads for the space was obtained.

The ACF space was designed for an outdoor temperature of 91°Fpg/77°Fws in the
summer, and 13°Fpg/8°Fws in the winter. Because of the possibility of chemical or
biological contamination in the Warm Zone of the building, it is necessary to supply
100% outdoor air for heating or cooling the space rather than recirculating any air. All
five of the building’s air-handling units are capable of supplying this requirement.

Using a spreadsheet for calculations, it was found that the peak cooling load in the
summer would be 42 tons. The existing mechanical system includes two 365 ton
chillers, for a total capacity of 730 tons, while the existing design cooling load is only
457 tons. The system is designed such that at peak conditions, the chillers are each
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working at two-thirds capacity. Adding an additional 42 tons to the load will not have a
large effect on the system, as this is still well within its capacity.

The peak winter heating load for the ACF was found to be 819 MBH. Two existing
boilers each supply 8300 MBH, for a total capacity of 16600 MBH. The ACF loads
constitute less than 5% of the total capacity of the system. Therefore, it is concluded
that the ACF would have an almost negligible effect on the heating system of the
building.

While the ACF would not require an increase in capacity to the mechanical system of
The Forensic Medical Center, there still would need to be modifications to the ductwork.
To determine the cost of installing the necessary ductwork in the ground floor, the total
cost of the ductwork from a building estimate was taken and divided by four, the number
of floors with existing ductwork. This gives an approximate cost for ductwork of
$175,000 per floor.

Lighting and Electrical

The parking garage area of The Forensic Medical Center on the ground floor is
illuminated by twelve High-Intensity-Discharge (HID) metal halide lamps. This is
adequate for a typical parking garage, which generally requires an illuminance of 1 foot-
candle. An emergency room situation, however, requires a significantly larger quantity
of light. Replacing the HID system would not be an economical solution, since the
parking garage will be used as a garage for almost all of its functional life. Instead, this
study investigated supplementing the parking garage system with suspended
fluorescent fixtures that would only be utilized in the event of an emergency that
required use of the ACF.

This study focused on the Cold Zone of the ACF (see Figure 10), as the Warm Zone is
located mainly in an area that is not part of the parking garage. The Cold Zone was
approximated by a rectangular area 104 feet by 75 feet, with a ceiling height of 14 feet,
6 inches. The floor of the garage is cement, with a reflectance of 27%; the walls are
mainly concrete, with a reflectance of 55%; and the ceiling is gypsum board, with a
reflectance of 70%. For the workplane height, three feet was used. High-output
suspended semi-direct (70% down-light) luminaires with four T8 fluorescent lamps were
selected to be suspended 18 inches from the ceiling, along with high-output F48T8/HO
lamps and two-lamp ballasts. Calculations determined that 45 of these luminaries would
be required to supply 50 foot-candles at the workplane. It was also determined that four
#12 copper wires would be needed to supply the feeder to a 20 amp circuit breaker.

In addition to the lighting, the ACF would also need access to standard duplex
receptacles. It was determined that approximately 50 receptacles could be located
throughout the Cold Zone, along walls and columns. Allowing for five receptacles per
circuit, this would add ten circuits to the 208/120 V panelboard serving the ground floor.
Assuming 180 VA per receptacle and allowing for growth, this is an increase of 11250
VA to the load on this panelboard.
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Figure 10 — ACF Lighting Layout

The cost of the lighting system was estimated by pricing the luminaires, lamps, and
ballasts required. The result is a material cost of approximately $16,500. Labor costs
were also estimated, based on the estimate of $80 per lighting fixture for pendant
mounted fluorescent lights for the existing design. This gives a total lighting cost of
$25,500. The wiring and electrical system costs are slightly more difficult to estimate. A
method similar to the one used to estimate the mechanical system cost was used, using
the square footage of the ACF compared to the total square footage of the building,
rather than breaking down the costs per floor. Direct costs for wiring and distribution for
the existing design were approximately $1.5 million, which equates to roughly $15 per
square foot. The 104-by-75 foot Cold Zone is 7,800 square feet, adding $117,000 to the
cost of the ACF.
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Conclusions

With the ever-growing concerns about large-scale terrorist attacks, as well as the
always-present possibility of accidents and natural disasters, Alternative Care Facility
considerations are starting to become more common. Usually, it is in the form of an
airplane hangar, fire hall, or gymnasium that can be set up to serve this purpose. The
advantage of designing an ACF for The Forensic Medical Center is that the
requirements can be built into the building to begin with, instead of being added later. In
addition, being a medical facility, much of the needed supplies will be readily available,
and much of the personnel needed to provide care in an emergency would already be
located on-site.

The main disadvantage of this plan is the cost. While the direct material and
construction costs are estimated at approximately $400,000 for this study, this number
does not include the cost of supplies and equipment for the facility, nor does it include
running water and other plumbing that would undoubtedly be required in a facility such
as this. Also not included is the lost revenue from eliminating shell spaces that could
have otherwise been rented for research or office space. All of these items will
contribute a significant amount to the total cost of the ACF.

It is the conclusion of this breadth study that further research into the installation of an
Alternative Care Facility in The Forensic Medical Center is warranted by the apparent
feasibility and relatively low cost of the required architectural, mechanical, and electrical
changes. It would be the owner's decision as to whether the facility, which hopefully
never would be needed, was worth the added expense, including the cost of supplies,
equipment, and plumbing.

ACF COST ESTIMATE

Arch: Barriers: $ 10,000 per overhead door
X 7 required = $70,000
HVAC: Ductwork: $ 700,000 for existing 4 floors = $175,000 per floor
Lighting:  Luminaires: 45 @ $100 = $4,500
Lamps: 180 @ $17 = $3,060
Ballasts: 90 @ $100 = $9,000
Installation: = $4.,000
= $20,560
Electrical: Wire, etc. $ 1,500,000 for 101,000 SF = $15 per SF
x 104'x75 =7800 SF = $117,000

TOTAL: $382,560

Full calculations for this study are available in Appendix H at the end of this report.
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SUMMARY

Structural Depth

The goal of this depth study was to determine the feasibility of a change in structural
design of The Forensic Medical Center, from two-way concrete slabs with shearwalls
and moment frames to a composite steel system with braced frames. This was to be
accomplished without any major effects to the architectural layout, or any of the building
systems.

After the study was completed, it was clear that a structural design in steel could be
developed to carry the loads required by code, without a large impact on other aspects
of the building. Where many assumptions had to be made to make the concrete system
work with the sensitive equipment vibration calculations, the steel system was designed
according to a published guide. In addition, the concrete system was only designed for
slow to moderate walking; however, the situation in the building may very well require
the more stringent fast walking criteria. This design did require some very large steel
members to meet these vibration requirements, greatly increasing the floor depth over
the existing 11” thick slab, but this increase might be necessary.

Construction Management Breadth

Following the redesign of the structural system, the goal of the construction
management breadth study was to analyze the costs of materials and labor of the
existing system versus the new system and determine the financial feasibility of such a
redesign.

The results of this study showed that the redesigned system not only was a possibility,
but could yield substantial savings over the existing concrete system. In addition, the
construction time of the steel system was found to be several months shorter than that
of the concrete system, meaning an earlier move-in date, and earlier ability to rent
space within the building.

Alternative Care Facility Breadth

An Alternative Care Facility was in the initial plans for The Forensic Medical Center, but
was left out in later designs, due to the cost. The goal of this breadth study was to
examine the requirements of such a facility and roughly determine the necessary costs
to include these requirements in the design of the building.

At the conclusion of this study, it was found that an ACF is definitely feasible within the
ground floor of the building, but not without a somewhat substantial cost to the owner.
The pros and cons of having such a facility must be weighed to determine whether to
include it in the design of the building.



Keenan Yohe The Forensic Medical Center Final Report
Structural Option April 9, 2008

CONCLUSIONS

A state-of-the-art laboratory building equipped with the latest high-tech equipment would
not be effective if the sensitive equipment could not function properly due to excessive
floor vibration. The existing concrete structure of The Forensic Medical Center was
designed to avoid such an issue, but many assumptions had to be made, as there is no
established method of concrete design for sensitive equipment vibration. Also, the floor
as designed was not guaranteed to meet the criteria for fast walking excitation.

This thesis study investigated the use of AISC Design Guide 11 in the design of a
composite steel structure for the building. The guide is an industry-accepted method of
designing a building to avoid vibrations due to human activity. In this case it resulted in
a lighter structure that will still be effective in limiting vibration to a level acceptable for
the use of sensitive microscopes on the fifth floor of The Forensic Medical Center.

There are also several additional advantages to using a steel structure. The structure is
much lighter than the existing concrete design, leading to smaller foundation sizes, and
possibly even a change from drilled piers to a much less expensive spread footing
system. Smaller columns are used in this design, W10s and W12s instead of 24-inch
square columns used in the concrete design. Also, this study found that a steel system
would be less expensive overall than the existing concrete design, and would be
completed several months earlier.

As with any structural system, there are disadvantages as well. The steel system
causes an increase in the thickness of each floor system, which leads to a taller
building. This leads to an increase in the size of the exterior surface of the building,
adding to the cost of the facade. Steel members also require longer lead times which
could impact the schedule of the building if construction were to begin soon. This longer
lead time, due to the need to prefabricate each member before shipping it to the site,
also means there is less flexibility in the design or layout of the building, as far as
making late changes. In this specific case, the steel design varied slightly on each floor,
especially on the vibration-critical fifth floor. The concrete system, by contrast, was
virtually the same throughout, with 11-inch-thick, two-way, flat-plate slabs on every floor,
regardless of vibration requirements. This consistency greatly influences the ease of
construction, and limits the possibility of mistakes being made in the field. Steel
construction also requires a large staging area on the construction site, something that
may be difficult to provide in an urban setting.

Weighing these advantages and disadvantages, it is the conclusion of this thesis study
that the composite steel system is a viable alternative to the existing concrete design,
and it is recommended that this system be further investigated.
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